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Abstract 
 
Reservoir simulators have made impressive progress and nowadays allow chemical flooding to be included in 
the models and evaluated easily as an enhanced oil recovery process. But more sophisticated simulators also mean more 
complex tasks for the users. Detailed models require more and more data to be input. One of the challenges is to convert 
laboratory data to simulation inputs.  Given the particular conditions at which laboratory experiments are processed, the 
data provided should be evaluated carefully before being used. Indeed, laboratory experiments will always differ from 
field scale reality in terms of dimensions. Moreover, when evaluating the feasibility of chemical enhanced oil recovery 
flooding, preliminary simulations can take place before any laboratory data are available.  
The aim of the paper is to study the parameters used in a polymer flood simulation and their impact. To do so, 
sensitivities on both core simulations and field scale simulations were performed after gathering typical data of polymer 
floods. Then, polymer degradation and polymer shear-thinning and shear-thickening behaviors were implemented in the 
models. The results of the simulations show that the polymer can behave differently in laboratory experiments and in field 
scale simulations. Laboratory coreflood simulations, which often involve high velocity of injected fluids in tiny core 
samples, gave results showing that polymer viscosity experiences shear-thickening while shear-thinning can be expected 
in the field scale simulations.  
Finally, a simulation match to laboratory coreflood was attempted. It was shown that oil and water relative permeabilities 
should be assessed before and after polymer corefloods, as polymer floods can affect them, increasing for instance the 
residual oil saturation. 
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Abstract 
Reservoir simulators have made impressive progress and nowadays allow chemical flooding to be included in 
the models and evaluated easily as an enhanced oil recovery process. But more sophisticated simulators also mean more 
complex tasks for the users. Detailed models require more and more data to be input. One of the challenges is to convert 
laboratory data to simulation inputs.  Given the particular conditions at which laboratory experiments are processed, the 
data provided should be evaluated carefully before being used. Indeed, laboratory experiments will always differ from 
field scale reality in terms of dimensions. Moreover, when evaluating the feasibility of chemical enhanced oil recovery 
flooding, preliminary simulations can take place before any laboratory data are available.  
The aim of the paper is to study the parameters used in a polymer flood simulation and their impact. To do so, 
sensitivities on both core simulations and field scale simulations were performed after gathering typical data of polymer 
floods. Then, polymer degradation and polymer shear-thinning and shear-thickening behaviors were implemented in the 
models. The results of the simulations show that the polymer can behave differently in laboratory experiments and in field 
scale simulations. Laboratory coreflood simulations, which often involve high velocity of injected fluids in tiny core 
samples, gave results showing that polymer viscosity experiences shear-thickening while shear-thinning can be expected 
in the field scale simulations.  
Finally, a simulation match to laboratory coreflood was attempted. It was shown that oil and water relative permeabilities 
should be assessed before and after polymer corefloods, as polymer floods can affect them, increasing for instance the 
residual oil saturation. 
Introduction 
Background 
Studies and understanding of polymer floods have led to the implementation of more and more models and 
parameters in simulators in order to describe the phenomena occurring during this type of enhanced oil recovery. This 
makes the setting up of simulations more complex. Then, various means of measuring a same property exist, and reservoir 
engineers often have to deal with different data for a parameter or no data at all. Polymer viscosity will be particularly 
discussed in the paper. This paper aims at giving a clear understanding of the parameters needed to set up a polymer 
simulation and how they affect the recovery of a base case representative of a polymer flood. These parameters come 
mainly from empirical data and are used in the equations implemented in the simulators. 
The basics of polymer flood and polymer simulations model are briefly explained below. 
Basic concept of polymer flooding  
Polymer flooding is a chemical enhanced oil recovery process often used as a tertiary recovery mean. It enables to 
increase the sweep efficiency of the flood by decreasing the displacing phase/displaced phase mobility ratio 
𝜆𝑎𝑞
𝜆𝑜
=
𝐾𝑎𝑞µ𝑜
µ𝑎𝑞𝐾𝑜
 
by increasing the viscosity of the displacing phase, i.e. the aqueous phase and decreasing its permeability.   
 
Polymer simulation model   
Polymer flood equations 
The black oil equations are used in simulators to describe the flow of the different phases within the finite difference 
grid. But some modifications for the aqueous phase are needed in the case of a polymer flood:   
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Polymer equation:     
𝑑
𝑑𝑡
(
𝑉𝑝𝑆𝑤𝐶𝑝
𝐶𝑟𝐵𝑤
) + 
𝑑
𝑑𝑡
(𝑉𝜌𝑟𝐴𝑝
1−𝜙
𝜙
) = ∑[
𝑇𝐾𝑟𝑤
𝐵𝑤µ𝑤,𝑒𝑓𝑓𝑅𝑘
(𝛿𝑃𝑤 − 𝜌𝑤𝑔𝐷𝑧)]𝐶𝑝 + 𝑄𝑤𝐶𝑝…….….....…...(1) 
with 𝑉𝑝 = 𝑉(1 − 𝐼𝑃𝑉)………………………………………………………………………..…………...……...(2) 
Brine equation:           
𝑑
𝑑𝑡
(
𝑉𝑆𝑤𝐶𝑛
𝐶𝑟𝐵𝑤
) = ∑[
𝑇𝐾𝑟𝑤𝐶𝑛
𝐵𝑤µ𝑠,𝑒𝑓𝑓𝑅𝑘
(𝛿𝑃𝑤 − 𝜌𝑤𝑔𝐷𝑧)] + 𝑄𝑤𝐶𝑛………….…………..…......…………(3) 
The water equation is exactly the same than the brine equation, with 𝐶𝑛 = 1.  
 
Inaccessible pore volume  
Polymer molecules, due to their big size, cannot access the smaller pores of the porous media and only find their way 
through the high permeability zones. The volume of the porous medium that the polymer cannot access is called the 
inaccessible pore volume (IPV) and expressed as a fraction of the entire pore volume. This explains the 𝑉𝑝 term 
calculation for the polymer equation. IPV causes the polymer to break through earlier than water, because the polymer 
can only flow through a restrained portion of the total volume, leading to a higher velocity.  
Effective viscosities and mixing parameter  
The viscosity of the aqueous phase is affected by salinity and polymer concentration and the dependence of viscosity 
to these parameters can be input as tables in simulators. Salinity will not be studied in this paper. Then, to take into 
account the physical dispersion of polymer and the fingering of water into polymer, effective viscosities are computed 
with the Todd-Longstaff technique (Tood and Longstaff, 1971), which consists of including a mixing parameter ω. When 
ω =1, the polymer solution and water are fully mixed, whereas ω=0 means that the polymer solution and water are 
completely segregated from each other. 
Polymer effective viscosity:  µ𝑝,𝑒𝑓𝑓 = (µ𝑚(𝐶𝑝))
ω .  µ𝑝
1−ω………………...………………………………………….(4)
  
Water effective viscosity:   
1
µ𝑤,𝑒𝑓𝑓
=
1−𝐶̅
µ𝑤,𝑒
+
𝐶̅
µ𝑝,𝑒𝑓𝑓
…………………………………………..……...…….……………(5) 
where  µ𝑤,𝑒 = (µ𝑚(𝐶𝑝))
ω . µ𝑤
1−ω   and   𝐶̅ =
𝐶𝑝
𝐶𝑝,𝑚𝑎𝑥
…...………………………………………....……(6) and (7)  
 
Adsorption and resistance factor  
Some of the polymer is adsorbed on the rock surface and some of its molecules are trapped in pore throats, because 
of the relatively big size of its molecules. Both these phenomena lead to a loss of polymer in the reservoir. Thus, a 
stripped water bank will be created at the leading edge of the polymer slug. This loss of polymer is not the only effect as 
the adsorbed polymer will reduce the permeability within the reservoir. The calculation of the resistance factor is as 
follows: 
        𝑅𝑘 = 1 + (𝑅𝑅𝐹 − 1)
𝐴𝑝
𝐴𝑝
𝑚𝑎𝑥………………………………..…………………….….…….(8) 
where  𝑅𝑅𝐹 =
𝜆𝑤,𝑏𝑒𝑓𝑜𝑟𝑒 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 𝑓𝑙𝑜𝑜𝑑
𝜆𝑤,𝑎𝑓𝑡𝑒𝑟 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 𝑓𝑙𝑜𝑜𝑑
=
𝐾𝑟𝑤,𝑏𝑒𝑓𝑜𝑟𝑒 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 𝑓𝑙𝑜𝑜𝑑
𝐾𝑟𝑤,𝑎𝑓𝑡𝑒𝑟 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 𝑓𝑙𝑜𝑜𝑑
……………………..…………...…..….…………(9) 
The adsorption is considered as an instantaneous phenomenon which only depends on the polymer solution 
concentration. If the polymer concentration decreases, desorption in simulators is possible and works the same way as 
adsorption. It can also be chosen to disable desorption as a certain amount of polymer is irreversibly retained in the 
reservoir. However, this irreversibly retained polymer  cannot be input and used in the calculations.  
 
Temperature effect 
Polymer can also be very dependent on temperature. Simulators can make polymer viscosity vary with temperature 
with isotherm tables. Also, polymer degradation can be modeled with a polymer half-life. In other words, the time it takes 
for half of the polymer to degrade: Th has to be input and the polymer equation (1) is added the following term on its 
right-hand side:  
       𝑄ℎ𝑙 = −𝛼(𝑉𝑝𝑆𝑤𝐶𝑝 +
1−𝜙
𝜙
𝑉𝜌𝑟𝐴𝑝)…………………………..…………..………………(10) 
               where  𝛼 =
𝑙𝑛2
𝑇ℎ
………………………………………………………………………………………………..…(11) 
Polymers’ rheology  
Polymers do not behave as Newtonian fluids, and their rheology is more and more subject to analysis as the recent 
papers focusing on polymers’ viscoelasticity prove it (Masuda et al., 1989; Kim et al., 2010; Delshad et al., 2008). The 
viscosity of polymers is very complex and depends on the shear rate and then on the velocity at which it flows through the 
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porous medium. Indeed, laboratory experiments using rheometers show shear-thinning of the polymer, in other words, the 
viscosity of the polymer solution decreases as the shear rate increases. The viscosity of a polymer solution flowing in a 
porous medium and calculated with Darcy’s equation follows the same trend at first, but after a certain shear rate value 
the polymer viscosity increases. In figure 1 are shown data taken from Delshad et al. (2008). The green curve corresponds 
to laboratory measurements of a polymer solution’s viscosity using a rheometer and is called bulk viscosity. It exhibits a 
clear decrease of polymer viscosity with shear rate, as explained above. The red curve shows the trend of the viscosity 
measured in a coreflood experiments using Darcy’s law. This viscosity is named apparent viscosity. The apparent 
viscosity first follows the trend of the rheometer data, but then increases at some point, proving that rheometers’ 
experiments cannot reproduce every aspect of the phenomena occurring within a porous medium at high shear rates. 
 
 
Figure 1: Viscosity vs shear rate for a 1500 ppm Flopaam 3630S polymer. In green is shown the viscosity measured by a 
rheometer, in red is the measured apparent viscosity, and in blue is the constant viscosity. From Delshad et al., 2008. 
 
This shear-thickening behavior of the polymer viscosity is supposed to be due to its viscoelasticity and its molecular 
relaxation time. As the polymer flows in the reservoir, the polymer molecules experience contraction and elongation 
because of pore bodies and pore throats in the porous medium. If the flow velocity is too high, the molecules do not have 
sufficient relaxation time to stretch and re-coil, leading to the apparent shear-thickening behavior (Delshad et al., 2008).   
 
Basic oilfield polymer types  
Two main types of water-soluble polymers are used for enhanced oil recovery processes. The first is biopolymers 
such as xanthan, and the second one is synthetic polymer such as acrylamide-based polymers. Both polymer types, 
because of their different nature, have different characteristics. Xanthan is relatively insensitive to salinity and mechanical 
shear degradation whereas acrylamide polymers had proven to experience great properties changes in such conditions 
(Sun et al., 2012). The polymer used in the studies below is supposed to be a partially hydrolyzed polyacrylamide 
Flopaam 3630S, very viscous and of very high molecular weight. The higher the molecular weight, the bigger the size of 
the molecules and the higher the IPV.     
 
Methodology 
Sensitivities  
The sensitivities’ simulations were performed with two different models: a one-dimension (1D) core model (see 
figure 2) and a three-dimensions (3D) field scale model (see figure 3), which dimensions are shown in table 1. The 3D 
model is a quarter of an inverted 5 spot pattern.  
 
 1D coreflood model 3D sector model 
Dimensions 11.8 𝑋 4.4 𝑋 4.4 𝑐𝑚 500 𝑋 500 𝑋 20 𝑚 
Grid sizes 50 𝑐𝑒𝑙𝑙𝑠 (50 𝑋 1 𝑋 1) 10000 𝑐𝑒𝑙𝑙𝑠 (50 𝑋 50 𝑋 4) 
Table 1: Models' dimensions for the sensitivities. 
 
Shear-thinning 
Shear-thickening 
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Figure 2: 1D model with oil saturation displayed during the 
polymer flood. 
Figure 3: Field scale model with oil saturation displayed 
during the polymer flood. 
 
Both models have similar base case properties and are homogeneous and isotropic. Table 2 and 3 sum up the 
parameters of the base case which mainly comes from laboratory coreflood experiments such as ENCANA, 2008. Table 4 
gives the wells controls used for both models. No salinity and capillary pressure were implemented in the models.  
 
Table 2: Rock and fluid properties of the models 
Parameter Base case value 
𝑲 1185 𝑚𝐷 
𝝓 0.257 
𝝆𝒐 38.4 𝐴𝑃𝐼 
µ𝒐 4.23 𝑐𝑃 
µ𝒘 0.782 𝑐𝑃 
µ𝒑 10 𝑐𝑃 
𝑪𝒓 2.76 𝑒
−4𝑎𝑡𝑚−1 𝑎𝑡 79.6 𝑎𝑡𝑚 
𝑷𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓 159.2 𝑎𝑡𝑚 
𝑺𝒘𝒊 0.28 
𝑺𝒐𝒓 0.75 
𝑲𝒓𝒐𝒘 0.93 
𝑲𝒓𝒘𝒐 0.6 
 
Table 3: Polymer related parameters of the models 
Parameter Base case value 
𝑰𝑷𝑽 0.35 
𝑹𝑹𝑭 1.5 
𝑫𝒆𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 𝑁𝑜 
𝑨𝒑
𝒎𝒂𝒙 0.0001 𝑔/𝑔 
𝑨𝒑 0.000025 𝑔/𝑔 
𝛚 0.666 
𝑪𝒑,𝒎𝒂𝒙 = 𝑪𝒑,𝒊𝒏𝒋 0.4 𝑘𝑔/𝑚
3 
 
 
Table 4: Wells controls of the models 
Wells Controls 
𝑰𝒏𝒋𝒆𝒄𝒕𝒊𝒐𝒏 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝐿𝑖𝑞𝑢𝑖𝑑 𝑟𝑎𝑡𝑒 
𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝐵𝑜𝑡𝑡𝑜𝑚 ℎ𝑜𝑙𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 
 
 
 
Simulations were performed to ensure that 1D and 3D models gave similar results and that the grid size did not affect 
the results significantly. The injection schedule (presented in figure 4) is the same in terms of pore volume injected for all 
1D and 3D simulations presented in the paper except for the “coreflood experiment match” section. The rate is twice 
during the initial waterflood than during the polymer flood and the chase waterflood. A pure waterflood is also drawn in 
the figure to compare with the base case. The observable effect of the polymer slug in the simulations is to create an oil 
bank at its leading edge, which can be observed in figures 2 and 3. The oil bank can considerably increase the oil recovery 
when it is produced as seen in figure 4.   
 
Injection 
face 
Production 
face 
Oil bank displaced by 
the polymer slug 
Gravity drainage  
Oil bank displaced by 
the polymer slug  
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Figure 4: Injection scheme for the 1D base case and comparison with a pure waterflood. 
 
 The parameters that were studied are all parameters related to the polymer and the rock/polymer interaction. The 
ranges of values within which the sensitivities were performed were chosen after gathering typical data of polymer floods 
(see appendix B) from different papers (Masuda et al., 1989; Kim et al., 2010; Delshad et al., 2008; Lotsch et al., 1985; 
Bondor and Hirasaki, 1971; Necmettin, 1969; Sun et al., 2012; Friedmann, 1983; Auerbach, 1985; Zaitoun and Kohler, 
1988; Chauveteau and Zaitoun, 1981; Chauveteau, 1982; Chauveteau and Sorbie, 1991; Siginer et al.,1999; Holstein and 
Lake, 2007; Clifford and Sorbie, 1985). The variables and their ranges are shown in table 5.     
Results and discussions 
Sensitivities  
The sensitivities ranges of the parameters studied are shown in table 5.  
 
Parameter Range of sensitivities 
µ𝒐 4.23 − 202 𝑐𝑃 
µ𝒑 2 − 20 𝑐𝑃 
𝑰𝑷𝑽 0 − 40% 
𝑹𝑹𝑭 1 − 15 
 
Parameter Range of sensitivities 
𝑨𝒑
𝒎𝒂𝒙 2.5 10−5 − 10−3 𝑔/𝑔 
𝑨𝒑 0 − 10
−3 𝑔/𝑔 
𝛚 0 − 1 
𝑪𝒑,𝒊𝒏𝒋 0.1 − 1.2 𝑘𝑔/𝑚
3 
 
Table 5: Range of parameters sensibilities 
 
The results of the sensitivities’ simulations proved to be similar for 1D and 3D models for most of the parameters. 
These are described below. 
Inaccessible Pore Volume 
Inaccessible pore volume has an impact on the slope and on the start of the polymer effect on recovery. The slope 
increases and the polymer effect starts earlier when IPV is increased (see figure 5). This is easily understandable 
because of the role of IPV in polymer velocity displacement in the porous medium. The polymer breakthrough occurs 
earlier when IPV is high and the pressure in the reservoir increases because the same quantity of fluid needs to flow 
through a smaller pore volume. 
The Todd-Longstaff parameter gives interesting results. From zero to values less than 1, the start of the polymer 
effect remains the same and only the late part of the recovery is affected (see figure 6). The lower the mixing parameter, 
the longer it will take to reach the final oil recovery. For ω = 1,  the start of the polymer effect is earlier, and so is the oil 
recovery.  
 
1 Pore 
Volume of 
Initial 
Waterflood 
Injected 
0.5 Pore 
Volume of 
Polymer 
Injected 
1.5 Pore Volume of Chase 
Water Injected 
Production of the Oil 
Bank Displaced by the 
Polymer Slug 
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Figure 5: Recovery factor for different IPV values. 
 
Figure 6: Recovery factor for different Todd-Longstaff mixing 
parameters values. 
 
 Adsorption 
Adsorption is a crucial parameter as can be seen in figure 7. Although the values of 1 or 0.1mg/g of rock used in the 
simulations seem a very high estimation for polymer adsorption, this order of magnitude has already been calculated in 
laboratory experiments (Necmettin, 1969). The range of values used shows that adsorption can differ widely from one 
type of rock to another and from one type of polymer to another. Adsorption can delay recovery even more than IPV and 
if its value is too high for the polymer to affect a sufficient part of the reservoir, the polymer will almost have no effect. 
This can be seen for instance with the curve representing adsorption of 0.1mg/g (10
-3
g/g) of rock in figure 7.   
Polymer concentration has the opposite effect of adsorption (see figure 8). Indeed, the more polymer concentration there 
is in the solution, the farther polymer travels in the reservoir and the more areas are swept.       
 
  
Figure 7: Recovery factor for different adsorption values. Figure 8: Recovery factor for different polymer concentration 
values. 
 
 
Residual Resistance Factor 
Residual resistance factor does not exhibit a significant effect on the recovery when the mobility ratio is very low, 
and it can also be noted that above 4, the RRF impact almost doesn’t change (see figure 9 left picture). It can be explained 
by the fact that the mobility ratios are so low that the waterflood recovers such a large part of the oil in place that the 
maximum oil recoverable is quickly reached, and the polymer will breakthrough at approximately the same time, 
disregarding the RRF value (see figure 10 left picture). Moreover, although the range of values used for the RRF in 
IPV sensitivities Mixing parameter sensitivities 
Adsorption sensitivities Polymer concentration sensitivities 
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simulations has been reported in the literature (Siginer et al., 1999), it is very rare to find residual resistance factors above 
4. 
In the case of higher mobility ratios, the residual resistance factor impacts the recovery more significantly (see figure 
9 right picture). In both high and low mobility ratios cases, the higher the RRF, the earlier and higher the recovery is 
improved. But the polymer breakthrough happens earlier and with more than a year difference between a residual 
resistance factor of 1 and 15 (see figure 10 right picture). The residual resistance factor then can change significantly the 
time of breakthrough of the polymer when having high polymer/oil mobility ratios.    
 
  
Figure 9: Recovery factor for different RRF values for a 4.23 cP oil (left picture) and a 30 cP oil (right picture). 
 
 
  
Figure 10: Polymer injection schedule and breakthrough for a 4.23 cP oil (left picture) and a 30 cP oil (right picture). 
 
 
Maximum adsorption  
The maximum adsorption parameter, 𝐴𝑝
𝑚𝑎𝑥, which is used in the calculation of the permeability resistance is a rock 
parameter. It should represent the higher adsorption value that is possible for its rock type. The maximum adsorption 
parameter effect on recovery varies based on the mobility ratio in a similar way to RRF because both parameter are used 
in the calculation of the permeability resistance 𝑅𝑘. At very low mobility ratios its impact is negligible whereas at high 
mobility ratios, it may provide some changes to the oil recovery. But this change was little in the case shown, about 3% of 
the final oil recovery (see figure 11).  
 
𝑴𝒑/𝒐 = 𝟎. 𝟏𝟕 
 
𝑴𝒑/𝒐 = 𝟏. 𝟐 
 
𝑴𝒘/𝒐 = 𝟑. 𝟓 
𝑴𝒘/𝒐 = 𝟐𝟓 
 
Polymer injection Polymer injection 
Polymer 
breakthrough 
Polymer 
breakthrough 
𝑴𝒑/𝒐 = 𝟎. 𝟏𝟕 
 
𝑴𝒑/𝒐 = 𝟏. 𝟐 
 
RRF sensitivities for a 4.23 cP oil RRF sensitivities for a 30 cP oil 
Polymer breakthrough for a 4.23 cP oil Polymer breakthrough for a 30 cP oil 
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Figure 11: Maximum polymer adsorption impact on the recovery factor for a 4.23 cP oil (left picture) and a 30 cP oil (right 
picture). 
 
 
Sensitivities analysis 
Figure 12 shows the influence of each parameter on the oil recovery at the end of the sensitivities of the base case. 
The final oil recovery is mainly affected by the viscosities of the polymer and oil, i.e. the mobility ratio and the polymer 
adsorption. The polymer concentration impacts the polymer viscosity, and lessens the effect of adsorption, which explains 
its importance on the oil recovery. The other parameters do not affect that significantly the final oil recovery at the end of 
the base case simulation. 
 
 
Figure 12: Impact of the parameters studied on final oil recovery for the base case. 
 
Polymer degradation  
 As explained before, polymer degradation can be modeled as a half-life of the polymer concentration depending on 
temperature. Polymer half-life model was implemented and was varied in the coreflood model and the 3D model sector 
cases.  
 Different oil viscosities were tested and the 1D coreflood model did not show any change in the oil recovery when 
varying the polymer half-life. All the curves superimpose over each other meaning that the half-life has no impact on the 
polymer within the time it travels through the core (see figure 13). This was expected as the lower half life input (three 
𝑴𝒘/𝒐 = 𝟑. 𝟓 
𝑴𝒑/𝒐 = 𝟎. 𝟏𝟕 
 
𝑴𝒘/𝒐 = 𝟐𝟓 
 
𝑴𝒑/𝒐 = 𝟏. 𝟐 
 
Maximum adsorption sensitivities for a 4.23 cP oil Maximum adsorption sensitivities for a 4.23 cP oil 
Oil Viscosity 
Polymer Adsorption 
Polymer Concentration 
Polymer Viscosity 
Todd-Longstaff Mixing Parameter 
RRF 
Rock Maximum Adsorption 
IPV 
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months) is much higher than the duration of the simulation, meaning that the polymer does not degrade sufficiently 
during that period to have any noticeable effect.  
 The 3D model behaves differently. This is due to the duration of travel of the polymer through the porous medium 
which is much higher than in the 1D coreflood. This duration is high, between 6 and 8 years (see figure 15) as the 
dimensions of the 3D sector is 500m x 500m. Then, the polymer degrades during the time it travels in the reservoir and 
thereby, it loses viscosity and its sweep efficiency declines, leading to the loss of recovery seen in figure 14.   
 
  
Figure 13: Half-life impact on oil recovery for the coreflood 
model. The curves superimpose over the base case in   
which no polymer degradation was implemented, for the 
different oil viscosities used. 
 
Figure 14: Half-life impact on oil recovery for the 3D sector   
model. The degradation of the polymer has a dramatic    
effect on recovery. 
 
Also, it can be noticed in figure 14 that the higher the mobility ratio between the displaced fluid and the displacing 
fluid, the quicker the displacing fluid will break through. In other words, in the cases studied, the polymer’s stay in the 
porous medium will be shorter when the oil viscosity is high. In figure 15, the polymer breakthrough occurs two years 
later in the case in which oil viscosity is 4.23 cP compared to the case in which oil viscosity is 202 cP. The mobility ratio 
between polymer and oil impacts the displacement of polymer in the reservoir, and its sweep efficiency, explaining why it 
can be seen that when the mobility ratio is high, the polymer breakthrough occurs earlier. In the case of polymer 
degradation, in which the time spent by polymer in the reservoir is critical, this has to be taken into consideration. Indeed, 
the polymer effect is seen earlier when the mobility ratio is higher as in figure 14.  
 
 
Figure 15: Polymer injection and polymer breakthrough with different polymer/oil mobility ratios for the 3D model. 
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Shear-thinning and shear-thickening effect study  
Homogeneous Study 
As discussed previously, polymer viscosity in the reservoir depends on shear rate. Thus, the polymer viscosity 
changes with its velocity in the reservoir. During laboratory corefloods, the velocity of the polymer is really high when 
compared to the velocity experienced during a field scale polymer injection. Therefore, polymer viscosity behavior in 
field injection is expected to differ from laboratory corefloods.  
To investigate whether these behaviors occur in core and field scale simulations, the previous 1D and 3D 
homogeneous models were firstly used in different simulations. The aim of these simulations was to compare the impact 
of viscosity shear-thinning and shear-thickening of the polymer. Both models were simulated with the same parameters as 
in the base case describe in tables 2, 3 and 4, except for the oil viscosity and polymer viscosity. Oil viscosity was varied 
between 4.23 and 202cP in order to evaluate the impact of mobility ratios on the simulations. Polymer viscosity behaviors 
implemented in the models were taken from figure 1. The three polymer viscosity cases studied are as follows: 
 Apparent viscosity (red curve in figure 1). 
 Bulk viscosity (green curve in figure 1). 
 Constant viscosity taken equal to the no-shear viscosity (blue curve in figure 1). 
The results of the simulations lead to the following conclusions. The 1D homogeneous model gives better recovery 
with apparent viscosity values, followed by constant viscosity and bulk viscosity values for each mobility ratio (see figure 
16). The results indicate that the shear rate within the core during laboratory experiments can be sufficient to reach shear-
thickening behavior and that the shear-thickening viscosity will have an important effect on the oil recovery of the 
coreflood. The higher the oil viscosity is and so the higher the polymer/oil mobility ratio, the greater difference of 
recovery in the viscosity models is observed. Thus, conventional rheometer’s measurements are not sufficient to describe 
such flows and measurements of apparent viscosity during corefloods are necessary to reproduce a coreflood with 
simulators. 
In the 3D homogeneous model, both bulk and apparent viscosity behaviors give similar results: oil recovery is lower 
in these cases than when using constant viscosity (see figure 17) for each mobility ratios. It can be seen in the figure that 
the higher the oil viscosity (the higher the mobility ratio), the higher the difference in oil recovery between constant 
viscosity models and apparent and bulk viscosities models. As shown in figure 1, for the 3D homogeneous model, the 
shear rate of the polymer flow does not reach sufficient values to exhibit shear-thickening behavior. 
  
Figure 16: Oil recovery with different oil viscosities for 1D 
homogeneous model. Apparent, bulk and constant polymer 
viscosity models were run.  
 
Figure 17: Oil recovery with different oil viscosities for 3D 
homogeneous model. Apparent, bulk and constant polymer 
viscosity models were run. 
 
It can be concluded from these simulations of viscosity models with homogeneous models that laboratory corefloods 
cannot reproduce a field scale polymer injection in the homogeneous case.   
Effect of heterogeneity 
In order to evaluate whether heterogeneities could lead to important changes in the polymer velocity and thereby in 
polymer viscosity behavior, the 3D model’s permeability and porosity were modified to provide two heterogeneous 
models. Indeed, heterogeneities might make the flow within the reservoir follow preferred paths and then have a higher 
velocity. The models’ heterogeneities have been evaluated by calculating their Dykstra-Parsons coefficient. The Dykstra-
Parsons coefficient is a common measure of heterogeneity. One model has a low heterogeneity, with a Dykstra-Parsons 
µ𝑜 = 25 𝑐𝑃 
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(DP) coefficient of 0.43 while the second model shows a higher heterogeneity with its Dykstra-Parsons coefficient of 
0.67. The permeability distributions of the heterogeneous models are shown in figures 18 and 19.  
    
Figure 18: Permeability distribution in the DP=0.43 
heterogeneous 3D sector model. 
Figure 19: Permeability distribution in the DP=0.67 
heterogeneous 3D sector model. 
 
The three polymer viscosity cases than with the homogeneous models were run with these heterogeneous models. In 
both heterogeneous cases, the polymer apparent viscosity and bulk viscosity models gave lower oil recovery than the 
constant viscosity models (see figures 20 and 21) as in the homogeneous models.   
  
Figure 20: Oil recovery for the DP=0.43 heterogeneous    
model with the different polymer viscosity models. Different 
oil viscosities were tested. 
 
Figure 21: Oil recovery for the DP=0.67 heterogeneous model 
with the different polymer viscosity models. Different oil 
viscosities were tested. 
 
The heterogeneous models were compared to homogeneous models of permeability and porosity equal to their mean 
permeability and porosity. The models were set with the polymer apparent viscosity model. Heterogeneities affect the oil 
recovery because the results of the heterogeneous models differ from the results of the homogeneous ones. But no clear 
trend emerges and it cannot be said that heterogeneities affect in a positive nor negative way the recovery. Indeed, the 
DP=0.43 model gives a higher oil recovery than the equivalent homogeneous model during the initial waterflood but after 
the polymer effect, recovery curves of heterogeneous and homogeneous models show similar values (see figure 22). For 
the DP=0.67 heterogeneous model, it gives lower recovery during the whole period of study than its equivalent 
homogeneous model (see figure 23).  
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Figure 22: Recovery factor for the DP=0.43 heterogeneous 
model and the homogeneous model with properties equal    
to the mean values of the heterogeneous model’s    
properties. Different oil viscosities were tested. 
 
Figure 23: Recovery factor for the DP=0.67 heterogeneous 
model and the homogeneous model with properties equal    
to the mean values of the heterogeneous model’s    
properties. Different oil viscosities were tested. 
Therefore, heterogeneities do not lead to a particular modification of the recovery when the apparent viscosity model 
is set, but every heterogeneous case is different and gives preferred paths to displacing fluids. These paths may make 
usually less swept areas become quickly swept by polymer, or enhance fingering; it can also increase the flow of the 
displacing fluids towards the production well depending on the repartitions of the heterogeneities in the sector model.   
 
Coreflood experiment match 
 The laboratory coreflood data were taken from ENCANA, 2008. The model used is the model described previously 
except for the relative permeabilities and the injection schedule. The relative permeabilities are shown in appendix D, 
they are given with the experiment data. The only change to the injection schedule described earlier is the pore volume 
injected during each liquid flood. 1.15 pore volume is injected during the initial waterflood, 3.52 during the polymer flood 
and 2.206 during the chase waterflood. The polymer used in the experiment is the same as before: Flopaam 3630S. 
Apparent, constant and bulk viscosity models were tested. They were correlated from the data in figure 1 (see appendix 
D). The initial water flood is matched with the data provided. The oil recovery curve match is rather good, even if the 
simulation overestimates slightly the recovery (see figure 24). As regards the difference of about 0.05 atm for the pressure 
drop across the core between the experiment and the simulation (see figure 25), it is probably due to the capillary pressure 
that was neglected in the simulation. The capillary pressure should not be ignored in simulations of corefloods. Moreover, 
that difference is very small, less than 0.1 atm, and the shapes of the curves are very similar.    
  
Figure 24: Match of the oil recovery for the initial waterflood. Figure 25: Match of the pressure drop across the core for the 
initial waterflood. 
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With the same model, when trying to match the whole flood history, the oil recovery given by the simulations does 
not follow the trend of the experiment data. While the polymer effect is seen in the experiment data, the simulations do 
not show any sign of polymer effect (see figure 26). This behavior is due to the fact that the residual oil saturation gives a 
maximum volume of oil recoverable of 22.125 cm
3
, and the polymer injection leads to an oil recovery of about 28 cm
3
. 
The pressure drop match is rather fair with the polymer apparent viscosity model, except for the beginning of the polymer 
injection. Although the core is supposed to be homogeneous, it has some heterogeneities in it that could explain the 
difference between the experiment data and the apparent viscosity simulation model, along with the capillary pressure, 
not taken into account in the model. As regards the constant and bulk viscosities, they do not match at all the experiment 
data because the pressure drop simulated is too low (see figure 27).  
 
  
Figure 26: Match of the oil recovery for the whole flood 
history. 
Figure 18: Match of the pressure drop across the core for the 
whole flood history. 
 
Discussion 
     Data have been gathered in order to determine typical ranges of the parameters needed when simulating a polymer 
flood. Sensitivities were run with 1D and 3D models in order to reproduce laboratory coreflood experiments and field 
scale simulations. The simulations have been set from a base case supposed to be a typical polymer flood case. However, 
it remains a particular case that is not representative of each and every polymer flood. The sensitivities lead to identical 
conclusions for the coreflood and the field scale models. The following conclusions were obtained for the coreflood and 
the field scale models: 
 IPV and Todd-Longstaff mixing parameter affect the speed of recovery during the polymer recovery phase.  
 Adsorption and polymer concentration have, as expected, opposite effects and can affect dramatically the 
recovery. A very wide range of adsorption values can be found in the literature. 
 Maximum adsorption parameter and RRF have almost no impact when displacing/displaced fluid mobility ratio 
is very low whereas they show much more impact in the case of higher ratios. 
Polymer degradation was modeled with a polymer half-life, showing a dramatic impact on recovery for the field scale 
model, whereas no change was experienced in the timescale of the 1D coreflood simulation. However, the concept of 
polymer half-life is a very simple approximation to polymer degradation. In practice, polymer degradation is dependent 
mainly of temperature and shear rate. 
 Polymer viscosity models were defined based on published rheometer and coreflood measurements, providing a 
constant viscosity, a bulk viscosity and an apparent viscosity model. These polymer viscosity models gave different 
results with the core model and the field model demonstrating that shear-thickening was experienced in the coreflood 
simulations whereas only shear-thinning occurred with the field scale model simulations. This shows that rheometer 
measurements may not be sufficient to understand how laboratory corefloods results should be implemented in 
simulation. Heterogeneities implemented in the field scale model did not seem to lead to an increase in polymer viscosity 
high enough to exhibit shear-thickening.  
 Other simulation models might provide different results, especially for the polymer viscosity study. Then, very low 
rates of polymer injection leading to low shear rates might not produce shear-thinning or shear-thickening effects, and the 
polymer might show a constant viscosity. Also, in the case of a very high polymer rate and a thin reservoir, the velocity of 
Maximum Oil Recoverable with Given Sor 
14                                                                                                                        Taking Chemical EOR Data From Lab Results to Simulation  
 
 
the fluids might be sufficient to see a higher recovery due to shear-thickening of the polymer viscosity. These aspects 
could be investigated in further studies.   
 The coreflood match demonstrated again with the pressure drop across the core that apparent viscosity is a key factor 
in laboratory polymer flood. It enabled to obtain a match of the pressure drop across the core. It also raises the issue of the 
change in residual oil saturation by the polymer. In the coreflood studied, the residual oil saturation used led to an error of 
25% and made the polymer flood completely inefficient during the simulation whereas the laboratory experiment showed 
a clear enhanced recovery due to polymer injection. Schneider et al., (1980) and Wreath (1989) showed through lab 
experiments that water and oil relative permeabilities and oil residual saturation can be changed by polymers. Indeed, the 
change of residual oil saturation by the polymer is the most plausible explanation in the case studied. The relative 
permeabilities should be determined before and also after a polymer coreflood in order to evaluate whether the polymer 
flood affected them.  
 These cases studied have demonstrated that taking data from lab results to simulation is not straightforward. Even if 
some parameters will provide similar results in laboratory coreflood, other phenomena may be dependent on grid scale 
and implementation scale. These phenomena are likely to happen and have to be taken into consideration. 
Conclusions 
 The results of the simulations described above are the following: 
1. Parameters taken from laboratory experiments such as IPV, RRF, polymer adsorption, polymer concentration 
and Todd-Longstaff mixing parameter had the same impact in 1D corefloods and in field scale simulations.  
2. The impact of adsorption and RRF may differ depending on the mobility ratio. 
3. Polymer degradation in the reservoir has to be studied more deeply as its effect can be only noticed during field 
scale simulations. 
4. Polymer non-Newtonian viscosity behavior should to be taken into account because it can dramatically impact 
oil recovery. The recovery can be overestimated during corefloods because of the polymer viscosity shear-
thickening whereas during field scale simulations, shear-thinning is likely to occur. 
5. Residual oil saturations and relative permeabilities should be reevaluated after a polymer coreflood because it 
can change during production due to polymers.   
 
Recommendations 
To improve the accuracy and the range of validity of this study; 
1. Simulations could be extended to other cases for instance reservoir with oil wet relative permeability properties. 
Salinity effect and capillary pressures which were not taken into account should also be studied in future works.  
2. The 3D case could be extended to a reservoir of varying thickness and with varying injection rates, to evaluate if 
the increase or decrease of polymer velocity induced by these changes can lead to apparent viscosity 
manifestations.   
3. The extension of the viscosities models study to polymers other than Flopaam 3630S is recommended in order to 
establish whether the behavior observed in the 3D model is confirmed with other types of polymer.  
4. An economic study of the effect of the different parameters could give another view of their impact. 
5. Simulations should include the possibility to implement relative permeabilities changes due to polymer flood. 
6. Along with the desorption option, an irreversibly retained polymer option should be implemented in simulators.  
 
Nomenclature: 
𝐴𝑝 : maximum polymer adsorption (g/g) 
𝐴𝑝
𝑚𝑎𝑥 : polymer adsorption (g/g) 
𝐵𝑤 : formation volume factor of the water  
(m
3
/m
3
) 
𝐶̅ : effective saturation for the injected 
polymer solution within the total aqueous phase in the 
cell 
𝐶𝑛 : salt concentration(kg/m
3
) 
𝐶𝑝 : polymer concentration(kg/m
3
) 
𝐶𝑝,𝑚𝑎𝑥  : maximum concentration of the polymer 
(kg/m
3
) 
𝐶𝑝,𝑖𝑛𝑗 : concentration of polymer injected 
(kg/m
3
) 
𝐶𝑟 : rock compressibility (atm
-1
) 
𝐷𝑧 : cell center depth (m) 
𝑔 : gravity acceleration(m2/s) 
𝐼𝑃𝑉 : inaccessible pore volume 
𝐾𝑖 : permeability of the aqueous phase(i=aq) 
or the oil phase (i=o) (mD) 
𝐾𝑟𝑤 : water relative permeability 
𝑀𝑝/𝑜 : polymer/oil mobility ratio 
𝑀𝑤/𝑜 : water/oil mobility ratio 
𝑃𝑤 : water pressure (bar) 
𝑄𝑤 : water production rate (m
3
/day) 
𝑅𝑘 : relative permeability reduction factor for 
the aqueous phase due to polymer retention 
Taking Chemical EOR Data From Lab Results to Simulation                    15 
 
𝑅𝑅𝐹 : residual resistance factor 
𝑆𝑤 : water saturation 
𝑇 : transmissibility 
𝑉 : block pore volume (m3) 
𝑉𝑝 : pore volume accessible for the polymer 
(m
3
) 
𝛼 : decay constant 
𝜆𝑖 : mobility of the aqueous phase (i=aq) or 
the oil (i=o) (mD/cP) 
µ𝑖 𝑒𝑓𝑓 : effective viscosity of the water (i=w), 
polymer(i=p) and salt (i=s)(cP)  
µ𝑚(𝐶𝑝) : viscosity of the polymer solution at a 
concentration 𝐶𝑝 (cP) 
µ𝑤,𝑒 : partially mixed water viscosity (cP) 
µ𝑝 : viscosity of the injected polymer solution 
(cP) 
𝜙 : porosity 
𝜌𝑖 : density of the rock (i=r) or the water 
(i=w) 
ω : Todd-Longstaff mixing parameter
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Appendix A: Literature Review  
 
SPE 
Paper n 
Year Title Authors Contribution 
PETSOC 
Journal 69-
02-01 
1969 
Rheology and Adsorption of Aqueous 
Polymer Solutions 
Necmettin, M. 
Studies were made of the apparent 
solution viscosities, temperature 
stability, adsorption and transport in 
porous media of two partly 
hydrolyzed polyacrylamide polymers. 
3484 1972 
The Development, Testing, and 
Application of a Numerical 
Simulator for Predicting Miscible 
Performance 
Tood, M.R., 
 Longstaff, 
W.J. 
Development of a simulator to 
forecast miscible flood performance. 
3524 1972 
Mathematical Simulation of Polymer 
Flooding in Complex Reservoirs 
P.L. Bondor,  
G.J. Hirasaki,  
M.J. Tham 
Development of a polymer flooding 
model used in a three-phase, four-
component, compressible, finite-
difference reservoir simulator. 
Adsorption of polymer and fingering 
between water and polymer taken 
into account. 
9408 1980 
Steady-State Measurements of 
Relative Permeability for Polymer/Oil 
Systems 
Schneider,F., 
 Owens, W. 
Showed that polymer can change 
water and oil relative permeability 
curves. 
Enhanced 
Oil 
Recovery: 
Proceedings 
of the Third 
European 
Symposium 
on Enhanced 
Oil Recovery  
1981 
Basic Rheological Behavior of 
Xanthan Polysaccharide Solutions in 
Porous Media. Effects of Pore Size 
and Polymer Concentration 
Chauveteau, 
G., 
 Zaitoun, A. 
Provide new foundings about 
practical application of xanthan 
solutions based on experimental 
results.   
Journal of 
Rheology 
26, 111 
1982 
Rodlike Polymer Solution Flow 
through Fine Pores: Influence of Pore 
Size on Rheological Behavior 
G. Chauveteau 
Propose a two-fluid flow model to 
predict experimental results in both 
cylindrical pores and stochastic 
porous media. 
11779 1983 
Surfactant and Polymer Losses 
During Flow Through Porous Media 
Friedmann, F. 
Better understanding of the surfactant 
and polymer losses mechanisms. 
13586 1985 
The effects of Chemical Degradation 
on Polymer Flooding 
P.J. Clifford,  
K.S. Sorbie 
Show that there are a number of types 
of polymer flood in which the effects 
of chemical degradation are less 
severe than might initially be 
expected. 
13590 1985 
The Effect of Inaccessible Pore 
Volume on Polymer Coreflood 
Experiments 
Lotsch, T. , 
Muller T. , 
Pusch, G 
Determination of the inaccessible 
pore volume of polymers with the 
help of a simple tracer test utilizing 
inorganic salts. 
13591 1985 
Prediction of Viscosity for Xanthan 
Solutions in Brines 
Auerbach, 
M.H. 
Established relations between 
polymer viscosity and brine salinity 
and polymer concentration. 
18085 1988 
Two-Phase Flow Through Porous 
Media: Effect of an absorbed 
Polymer Layer 
Zaitoun, A., 
 Kohler, N 
Better understanding of the two-
phase flow property changes induced 
by polymer adsorption. 
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19499 1992 
1D Simulation of Polymer Flooding 
Including the Viscoelastic Effect of 
Polymer Solution 
Y. Masuda, 
K-C. Tang, 
M. Miyazawa, 
S, Tanaka 
Shows the importance of the 
viscoelastic effect of polymer 
solution. 
113620 2008 
Mechanistic Interpretation and 
Utilization of Viscoelastic Behavior 
of Polymer Solutions for Improved 
Polymer-Flood Efficiency 
Delshad, M., 
 Kim, D.H., 
Magbagbeola, 
O.A., 
 Huh, C., 
 Pope, G.A, 
 Tarahhom, F. 
Development of a viscoelastic model 
to reproduce polymer rheological 
behavior, i.e. shear thinning and shear 
thickening. 
129971 2010 
Development of a Viscoelastic 
Property Database for EOR Polymers 
D.H. Kim, 
S. Lee, 
 C.H. Ahn, 
G.A. Pope 
Try to find empirical models for 
polymer viscosity depending on 
salinity, polymer concentration, 
hardness and temperature. 
157796 2012 
Suffield Area, Alberta, Canada – 
Caen Polymer Flood Pilot Project 
Liu, J., 
Adegbesan, K., 
Bai, J. 
 
The first pilot project in the suffield 
area gave successful results. The 
polymer flood will be extended in the 
basin. 
Table A.1: Key milestones related to the study. 
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PETSOC Journal 69-02-01 (1969) 
 
Rheology and Adsorption of Aqueous Polymer Solutions 
 
Authors: Necmettin, M. 
 
Contribution to the understanding of polymer flooding:  
 
Consists of the study of two partly hydrolyzed polyacrylamide polymers behaviors, i.e.: apparent solution viscosities, 
temperature stability, adsorption and transport in porous media. 
 
Objective of the paper:  
 
Study of two partly hydrolyzed polyacrylamide polymers behaviors, i.e.: apparent solution viscosities, temperature 
stability, adsorption and transport in porous media. 
 
Methodology used:  
 
Measurements of the apparent viscosities with different polymer concentration and in solutions of various salinity and at 
using capillary tube viscometers. Shear rates were applied from 7 to 2,000 sec
-1
. Batch type experiments were used to 
determine adsorption for six different polymer solutions and three different adsorbents.  
 
Conclusion reached: 
 
1) The viscosity of these polymer solutions depends to a large extent on the shear rate, the salinity, the pH and the 
molecular weight. 
2) The polymers undergo thermal degradation between 275 and 300F 
3) Adsorption on unconsolidated sandstone and silica sand ranged from 30 to 880 µg/g. In consolidated porous media 
exhibiting the same BET surface area, adsorption was significantly less, the maximum being 160 µg/g. 
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SPE 3484 (1972) 
 
The Development, Testing, and Application of a Numerical Simulator for Predicting Miscible Performance 
 
Authors: Tood, M.R. and Longstaff, W.J 
 
Contribution to the understanding of polymer flooding:  
 
Development of a simulator to forecast miscible flood performance. 
 
Objective of the paper:  
 
To develop a simulator to forecast miscible flood performance. 
 
Methodology used:  
 
Experimental results were compared to the simulator prediction for validation.   
 
Conclusion reached: 
 
The results were positive, reproducing the essential aspects of miscible displacement without resolving the fine structure 
of unstable miscible flow, enabling to have a fairly coarse grid representing the reservoir.  
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SPE 3524 (1972)  
 
Mathematical simulation of polymer flooding in complex reservoirs  
 
Authors: P.L. Bondor, G.J. Hirasaki, M.J. Tham,   
 
Contribution to the understanding of polymer flooding:  
 
Development of a polymer flooding model used in a three-phase, four-component, compressible, finite-difference 
reservoir simulator. The adsorption of polymer and fingering between water and polymer are taken into account. 
 
Objective of the paper:  
 
Modeling reservoirs with nonuniform dip, multiple zones, desaturated zones, gravity segregation, irregular well spacing 
and reservoir shape.  
 
Methodology used:  
 
Three-phase, four-component, compressible, finite-difference reservoir simulator. Adsorption of polymer and fingering 
between water and polymer. Use of Blake-Kozeny model to represent non-Newtonian effects. 
 
Conclusion reached:  
 
Injection of polymer in complex reservoirs cannot be simply represented by a two-phase simulator or a stream tube 
model. A compressible, three-phase, three-dimensional mathematical simulator is required.  
 
Comments:  
 
It is assumed there is no viscoelastic effect when calculating the apparent viscosity. 
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SPE 9408 (1980) 
 
Steady-State Measurements of Relative Permeability for Polymer/Oil Systems 
 
Authors: Schneider,F., Owens, W. 
 
Contribution to the understanding of polymer flooding:  
 
Showed that polymer can change water and oil relative permeability curves.  
 
Objective of the paper:  
 
To investigate the effect of polymer on oil and water relative permeabilities. 
 
Methodology used:  
 
Laboratory tests on both water-wet and oil-wet cores. 
 
Conclusion reached: 
 
Polymer can increase oil mobility both in oil-wet and water-wet cores. The effect of polymer on permeability is more 
obvious in oil-wet cores. 
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Enhanced Oil Recovery: Proceedings of the Third European Symposium on Enhanced Oil Recovery (1981) 
 
Basic Rheological Behavior of Xanthan Polysaccharide Solutions in Porous Media. Effects of Pore Size and Polymer 
Concentration. 
 
Authors: Chauveteau, G. and Zaitoun, A 
 
Contribution to the understanding of polymer flooding:  
 
Provide new foundings about practical application of xanthan solutions based on experimental results. 
 
Objective of the paper:  
  
To investigate properties of xanthan polysaccharide solutions. 
 
Methodology used:  
 
Laboratory experiments.  
 
Conclusion reached: 
 
1) The sweep efficiency of xanthan in heterogeneous reservoirs is higher than other fluids of the same viscosity.  
2) Xanthan showed better results in low permeable porous media than expected.  
3) Microgel-free solutions is supposed to have a good injectability. 
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JOG 26, 111 (1982) 
 
Rodlike Polymer Solution Flow through Fine Pores: Influence of Pore Size on Rheological Behavior 
 
Authors: G. Chauveteau 
 
Contribution to the understanding of polymer flooding:  
 
Proposed a two-fluid flow model to predict experimental results in both cylindrical pores and stochastic porous media. 
 
Objective of the paper:  
 
To propose a two-fluid flow model to predict experimental results in both cylindrical pores and stochastic porous media. 
 
Methodology used:  
 
Ascertained the predictions of the model with experimental data. 
 
Conclusion reached: 
 
The proposed two‐fluid flow model satisfactorily predicts the experimental results in both cylindrical pores and stochastic 
porous media, confirming the dimensional origin of this depleted layer which is insensitive to both pore shape and the 
chemical nature of the wall. 
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SPE 11779 (1983) 
 
Surfactant and Polymer Losses During Flow Through Porous Media 
 
Authors: Friedmann, F. 
 
Contribution to the understanding of polymer flooding:  
 
Better understanding of the surfactant and polymer losses mechanisms. 
 
Objective of the paper:  
 
To investigate the surfactant and polymer loss mechanisms. 
 
Methodology used:  
 
In order to evaluate what mechanisms contributes to surfactant and polymer losses in Berea sandstone, experiments are 
performed with various oil saturations. These experiments used surfactants and polymers independently, then they are 
injected simultaneously in the core. 
 
Conclusion reached: 
 
1) Mechanical entrapment is the main cause of retention rather than adsorption.  
2) In the cases where there is no oil in the core, surfactant losses is dramatically affected by surfactant polymer 
interactions. 
3) In the cases when there is oil in the core, surfactant losses can be interpreted and related to phase behavior with salinity 
requirement diagrams. 
4) The same experimental procedures can be used with native-state reservoir cores. 
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SPE 13586 (1985) 
 
The effects of Chemical Degradation on Polymer Flooding 
 
Authors: P.J. Clifford, K.S. Sorbie 
 
Contribution to the understanding of polymer flooding:  
 
“Show that there are a number of types of polymer flood in which the effects of chemical degradation are less severe than 
might initially be expected.” 
 
Objective of the paper:  
 
To investigate the effect of polymer chemical degradation in reservoirs. 
 
Methodology used:  
 
Use of a modified chemical flooding code. 
 
Conclusion reached: 
 
In certain polymer floods, chemical degradation shows less impact than expected. 
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SPE 13590 (1985)  
 
The Effect of Inaccessible Pore Volume on Polymer Coreflood Experiments 
 
Authors: Lotsch, T. , Muller T. , Pusch, G 
 
Contribution to the understanding of polymer flooding:  
 
Determination of the inaccessible pore volume of polymers with the help of a simple tracer test utilizing inorganic salts. 
 
Objective of the paper:  
 
To determine the inaccessible pore volume of polymers with the help of a simple tracer test utilizing inorganic salts.  
 
Methodology used:  
 
Experiments are performed with scleroglucan and xanthan, two biopolymers. Linear displacements experiments were then 
simulated with an analytical simulation model, considering inaccessible pore volume and retention characteristics. 
 
Conclusion reached:  
 
The inaccessible pore volume to a polymer solution can be calculated with a simple tracer test utilizing inorganic salts. 
The inaccessible pore volume, along with parameters such as relative permeabilities, adsorption and ressitance factor, has 
to be taken into account. 
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SPE 13591 (1985) 
 
Prediction of Viscosity for Xanthan Solutions in Brines 
 
Authors: Auerbach, M.H. 
 
Contribution to the understanding of polymer flooding:  
 
Established relations between polymer viscosity and brine salinity and polymer concentration.  
 
Objective of the paper:  
 
To establish relationships between salinity, hardness and pplymer concentration for xanthan biopolymers of varying 
pyruvate content. 
 
Methodology used:  
 
Experimental measurements of the polymers were performed. Then quadratic regression models were fit to the 
experimental data. 
 
Conclusion reached: 
 
1) For both medium- and high-pyruvate xanthan, solution viscosity increases with increasing salinity above 3.5% TDS, 
reaching a 50% increase in 20% TDS brine. 
 2) Multivalent cations (hardness ions) have no extraordinary effect on xanthan solution viscosity beyond their 
contribution to salinity. 
 3) For a given polymer concentration, xanthan solution viscosity exceeds that of hydrolyzed polyacrylamides about about 
0.3% TDS. 
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SPE 18085 (1988) 
 
Two-Phase Flow Through Porous Media: Effect of an absorbed Polymer Layer 
 
Authors: Zaitoun, A. and Kohler, N 
 
Contribution to the understanding of polymer flooding:  
 
Better understanding of the two-phase flow property changes induced by polymer adsorption. 
 
Objective of the paper:  
 
To analyze the ability for polymers or weak gels to reduce selectively the relative permeability to water with respect to 
the relative permeability to oil.  
 
Methodology used:  
 
The experimental procedure aimed at ascertaining the profile saturation of the core. It consisted of “gamma rays, material 
balance, pressure drop and direct measurement of the capillary pressure during displacement of oil by water.”(12) 
 
Conclusion reached: 
 
Main results obtained after polyacrylamide adsorption are: 
1) Disproportionate relative permeability modification is observed both in water-wet and in oil-wet cores. 
2) The polymer induces an increase in water irreducible saturation. 
3) The polymer induces an increase in the capillary pressure. 
4) After adsorption in the oil-wet core, the core becomes water-wet as attested by the inversion of the capillary pressure 
sign and the strong reduction in residual oil saturation. 
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SPE 19499 (1992)  
 
1D Simulation of Polymer Flooding Including the Viscoelastic Effect of Polymer Solution 
 
Authors: Y. Masuda, K-C. Tang, M. Miyazawa, S, Tanaka 
 
Contribution to the understanding of polymer flooding:  
 
Shows the importance of the viscoelastic effect of polymer solution. 
 
Objective of the paper:  
 
To test a viscoelastic model for the rheological behavior of polymer solutions. 
 
Methodology used:  
 
Comparison of performances of the viscoelastic model with the Ellis model and with experimental results of a coreflood. 
 
Conclusion reached:  
 
An earlier breakthrough of polymer solution was observed with the Ellis model when compared to the experimental data, 
whereas the viscoelastic model predicted well the breakthrough times, the fractional flow curves and the oil recovery 
performances of the experiment. This leads to thinking that the polymer viscoelastic effect must have an important role in 
the improvement of oil recovery. 
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SPE 113620 (2008)  
 
Mechanistic Interpretation and Utilization of Viscoelastic Behavior of Polymer Solutions for Improved Polymer-Flood 
Efficiency 
 
Authors: Delshad, M., Kim, D.H., Magbagbeola, O.A., Huh, C., Pope, G.A, Tarahhom, F. 
 
Contribution to the understanding of polymer flooding:  
 
Development of a viscoelastic model to reproduce polymer rheological behavior, i.e. shear thinning and shear thickening. 
 
Objective of the paper:  
 
From laboratory oscillatory and shear viscosity measurements, the goal is to create a viscoelastic model that fits the 
experimental data. 
 
Methodology used:  
 
In order to test the viscoelastic model which takes into account polymers’ shear thickening and shear thinning behaviors, 
history matching of polymer coreflood results was performed. 
 
Conclusion reached:  
 
The fit of the experimental data was successful for several polymers and over a wide range of Darcy velocity. The 
history-matching was performed with UTCHEM and proved the model is working with different published polymer flood 
laboratory results. 
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SPE 129971 (2010)  
 
Development of a Viscoelastic Property Database for EOR Polymers  
 
Authors: D.H. Kim, S. Lee, C.H. Ahn, G.A. Pope 
 
Contribution to the understanding of polymer flooding:  
 
Try to find empirical models for polymer viscosity depending on salinity, polymer concentration, hardness and 
temperature. 
 
Objective of the paper:  
 
To develop a viscoelastic property database for the following polymers: FloPaam 3630S, FloPaam 3330S and AN-125.  
 
Methodology used:  
 
Use of generalized Maxwell model for different polymer concentration, salinity, hardness and temperature in order to 
calculate the relaxation time needed in Delshad and al. (2008) model to calculate polymer apparent viscosity; from these 
data, find correlations between the relaxation time and the different parameters mentioned above. Then the results were 
checked with coreflood experiments apparent viscosities. 
 
Conclusion reached:  
 
The model is consistent with experimental observations. Including flow conditions in the model should be a further 
improvement. 
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SPE 157796 (2012)  
Suffield Area, Alberta, Canada – Caen Polymer Flood Pilot Project 
Authors: Liu, J. , Adegbesan, K. , Bai, J. 
 
Contribution to the understanding of polymer flooding:  
 
Results of a polymer flooding field application. 
 
Objective of the paper:  
 
To show the efficiency of polymer flooding by presenting the results of the Caen polymer flood pilot projet. 
 
Methodology used:  
 
Simulations, laboratory experiments and the results of the field pilot project are described. 
 
Conclusion reached: 
 
The first pilot project in the suffield area gave successful results. The polymer flood will be extended in the basin. 
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Appendix B: Data gathering  
 
IPV:  
Values from references:  
-IPV=0.11 +-0.02PV for scleroglucan ; IPV=0.10+-0.02PV for xanthan
 
-IPV=21.2-34.1 for associative polymers / IPV=35.2 for HPAM (Flopaam 3630S) 
-IPV has been reported in literature to range from 1 to 30%. 
 
 
Range chosen for simulations: 0-40% 
 
Adsorption: 
 
Values from references:  
 
Adsp
max
=0.16mg/g for scleroglucan; Adsp
max
=0.12mg/g for xanthan 
 
Adsorbent Initial polymer 
concentrations (g/ml)x100 
Adsorption (µg/g) 
Adsorption from distilled 
water solutions 
Adsorption from 2% NaCl 
solutions 
Ottawa Sand 
(VET=0.5m2/g) 
0.1 340 510 
0.05 300 210 
0.025 240 30 
Silica Powder 
(BET=1.65 m3/g) 
0.1 680 660 
0.05 600 300 
0.025 310 70 
Disaggregated Berea 
Sandstone 
(BET=1.7m2/g) 
0.1 820 675 
0.05 610 296 
0.025 320 70 
Table B.1: Adsorption from distilled water solutions and 2% NaCl solutions for different concentrations of polymer 700. 
(Necmettin, 1969) 
 
Range chosen for simulations: 0-1microg/g-1mg/g (very few >100µg/g) 
 
Adsorption: 
Values from references: same values than adsorption. 
Range chosen for simulations: knowing that the maximum adsorption has to be equal or higher than the highest 
adsorption value, the values for simulations range from 25 µg/g to 1 mg/g. 
 
RRF:  
Values from references:  
-RRF=1.4 
-RRF= 1.08 to 15 
 
 
Range chosen for simulations: 1 to 15 
 
 
Todd-Longstaff parameter (ω):   
Values from references:  
-“ω=2/3 has been found to provide a good correlation with experiments in sandpacks, while ω=1/3 correlates miscible 
data in Hele-Shaw experiments that are believed to have about the same transverse dispersion as actual reservoirs.” 
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Range chosen for simulations: 0-1 
 
 
Mobility ratio 
Range chosen for simulations:  4.23cP-202cP 
 
Figure B.1: Oil viscosity impact on recovery. 
 
 
Temperature effect  
 
Heated for 6 hours at (F) Viscosity (Cannon-Fenske µ at shear rate=300s
-1
) cP 
 Distilled water 2% NaCl 
150 20 3.8 
200 20 3.8 
225 19.5 3.7 
250 19.5 3.7 
275 18.5 3.3 
300 2 1.4 
350 2 1.3 
Table B.2: Effect of temperature on 0.1% of polymer 700 (partly hydrolyzed polyacrylamide polymer), in distilled water and brine 
of 2% salinity. (Necmettin, 1969) 
  
 
-Polymer flood is applicable below a maximum temperature of 210F, but best below 176F
 
-Polymer half-life varies from 3 months to 1 year  
 
-Equation used to calculate the specific heat of oil used in the model: 𝐶ℎ𝑒𝑎𝑡
𝑜𝑖𝑙 =
1
𝑑
[0.4024 + 0.00081𝑡] where 
 d=0.83295992 specific gravity @ 15C   
      t=32.2C temperature  hence C=0.514409ca/(g.C)= 2.153727601 KJ/(Kg.K) 
-water specific heat: 4.16 KJ/(Kg.K) 
-rock volume specific heat (sandstone): 0.92KJ/(Kg.K)=0.92 x 0.83295992=0.766323 J/(cc.K) 
-gas specific heat: 2.2 J/(g.K) 
-Temperature of injected water: 32.2C 
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Salinity 
 
Polymer 
concentration 
Salinity=1000ppm 2000ppm 5000ppm 10,000ppm 15,000ppm 20,000ppm 
0ppm 0 cP 0 cP 0 cP 0 cP 0 cP 0 cP 
500ppm 8 cP 7 cP 6 cP 5 cP 4 cP 3 cP 
1000ppm 37 cP 20 cP 15 cP 11 cP 8 cP 5 cP 
1500ppm 76 cP 48 cP 28 cP 21 cP 17 cP 8 cP 
2000ppm 115 cP 88 cP 49 cP 35 cP 24 cP 16 cP 
2500ppm 170 cP 136 cP 84 cP 53 cP 38 cP 23 cP 
3000ppm 242 cP 195cP 125 cP 79 cP 56 cP 35 cP 
Table B.3: Effect of polymer concentration and salinity on viscosity of HPAM solution through sandpack at 77C (Sun et al, 2012). 
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Appendix C: Heterogeneity implementation 
 
Heterogeneity will modify the flow in the sector model and the fluids will normally follow preferred path depending on 
permeability. This will lead to higher velocities and thus higher shear rates in some areas. Therefore, the shear thinning or 
shear thickening behavior of the polymer could affect even more the oil recovery. Then, as polymer cannot access all 
pores, it is interesting to investigate the impact of heterogeneous porosity on the simulation.  
The first heterogeneity model for the permeability was implemented with a normal law distribution of mean 1185mD and 
standard deviation 450mD. The output data range was set from 85 to 2285mD. To simplify the model, the three 
components of permeability have the same value, Kx=Ky=Kz , that is to say that the medium is isotropic.   
 
  
Figure C.1: Histogram representing the permeability distribution 
for the first heterogeneous model. 
Figure C.2: Histogram representing the permeability 
distribution of the second heterogeneous model. 
 
 
 
Figure C.3: Cumulative permeability distribution in the first (in blue) and second (in pink) heterogeneous 3D sector model. 
 
We calculate Dykstra-Parsons coefficient: 𝑉 =
𝑘50−𝑘84.1
𝑘50
 for both models. As the models have 10000 cells, the graph gives 
the values of 𝑘84.1. The values for the calculations are given in table C.1. 
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 Heterogeneous model 1 Heterogeneous model 
2 
𝒌𝟓𝟎 1055.8 mD 1041.3 mD 
𝒌𝟖𝟒.𝟏 597 mD 348 mD 
𝑽 0.43 0.67 
 
Table C.1: Calculations of Dykstra-Parsons coefficient.  
 
In both cases, shear thinning is experienced, as in homogeneous models, but the heterogeneities do not lead to sufficient 
shear rate to reach the shear thickening behavior. 
In order to compute the porosity, the following graph of St. Peter sandstone was used because it showed similar properties 
to the one studied, i.e. the permeability and porosity used in the simulation follow the trend of the graph, figure C.6. 
 
The porosity was calculated using a relation between permeability and porosity correlated from a graph of 
permeability against porosity of St Peter Illinois basin.  
 
 
Figure C.4: Graph of permeability vs porosity for the St. Peter Illinois sandstone. The red curve shows the correlation they chose 
for the porous media. The green curve intersecting the green point (0.257 ; 1185mD) is the correlation chosen for the porous 
media used in the simulations. (Knoxstp.org, 2010)   
 
The green line goes through the points of coordinates (0 ; 0.477mD) and (0.257 ; 1185mD ), which gives the following 
relation between porosity and permeability: 
K=0.477 x 10
13.21089ϕ 
Porosity was then calculating with the previous formula. 
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Appendix D: Extra Figures  
 
  
Figure D.1: Relative permeabilities used in the base case 
(Liu et al., 2012). 
 
Figure D.2: Relative permeabilities used in the coreflood 
experiment match (ENCANA, 2008). 
 
 
 
 
 
 
 
Figure D.3: Polymer viscosity models used in the coreflood match. 
